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Miontana Hydrelogy.
Headwaters of the Continent

m [riple Divide Peak sends water to the
Atlantic, Pacific, and Arctic Oceans

m Inflow of 15.5 MAF
m Outflow of 44 MAF
m The Origin of 28.5 MAF

m Headwaters Missouri and Columbia
Rivers



Climate

m Defined often as average weather
m\\eather — This week or month

m Climate — Over 30 years

m Climate anomalies — 1 to 20 years
m Climate change - Indefinite



Change Is evident 1 Montanal

Glacier National Park, Grinnel Glacier

Photo: Fred Kiser, Glacier Mational Park archiwves F'hum Karen Hul:er us Geologlcal Surueyr

Glacier National Park, Boulder Glacier

Pho'to George Grant, Glacier Mational Park archives Photo: Jermry DeSanto, National Park Service
Source: BioScience, Vol. 53 No. 2. Feb 2003




Climate Change — The Evidence

m Global average surface temperature has
risen between 0.6°C and 0.7°C (1.2 F.)
since the start ofi the Twentieth Century.

m Rate of warming since 1976 has been three
times faster than the century-scale trend.

m Up to 150 years ago, the ambient
concentration of CO2 In the atmosphere
varied between 180 to 280 parts per million
by volume (ppmv). Today the concentration
IS about 380 ppmv and climbing.



Montana
Climate Change
Action Plan
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Climate Change Advisory
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Montana’s GHG Emissions

m Montana’s GHG emissions from all sources
accounted for 0.6% of total US GHG emissions In
2005.

m Montana’s rate of GHG emissions per capita IS
nearly double the national average

Why?

m Our large fossil fuel production industry,
substantial agriculture industry, large
transportation distances, cooler climate and low
population base!



2/28/08 - Ice sheet the size of
Connecticut collapses in  Antarctica.




\What can Montana expect?

B [emperature change

m Higher latitudes — Greater increases

m \Warmth extending later in Fall

m Earlier melt off mountain snowpack

m \Warmth earlier & longer in Spring

m Extreme Summer heat waves

m \Wildfires — Earlier, hotter, more numerous
m Higher daily highs and lows

m Precipitation — Higher intensity; shorter
duration events — Amount same or increase



Climate. Anomalies
El Nino / La Nina — Warm & Cold
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Richard Seager — Paleo-climatologist

m Medieval mega-droughts tee may have been
caused by the tropical Pacific seesaw
getting stuck in something like a perpetual
La Nina.

m [he future, though, won't be governed by
that kind of natural fluctuation alone.
Thanks to our emissions of greenhouse
gases, It will be subject as well to a global
one-way trend toward higher temperatures.



L& Nina weakening to neutral
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Pacific Decadal Oscillation - PDO

monthly values for the PDO index: 1900—January 2008
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NASA Release April 21, 2008

m La Nina Is eccurring within the context ofi a
larger climate event, the early stages of a
cool phase of the basin-wide Pacific
Decadal Oscillation (PDO).

m “This multi-year Pacific Decadal
Oscillation ‘cool’ trend can intensify La
Nina or diminish EI Nino impacts around
the Pacific basin."



— Cool Phase

— PDO

Warm Phase
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Cool Phases — ENSO & PDO

APR 1 2008




CPC Outlook for June — PDO?

By




Temperature Change Conseguences

m Smaller mountain snowpacks

m Fall streamflow increases

m |ncreased chances of rain on snow: events

m Earlier periods ofi Spring high streamflow

m Low Summer flows arrive earlier

m Dramatic increases in Summer ET
(Evapotranspiration)



USGS — Streamilow: trends In
\Western U.S. Fact Sheet 2005-301.8

April-July Flows as Fraction of Water-Year Total
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USGS Conclusion

m [ he observed streamfilow timing and
winter-spring warming trends are consistent
with current projections of how greenhouse
effects may influence western climates and
hydrology; thus streamflow timing ana
trends may be attributed, in part, to global
warming.



Temperature Change Implications

m Smaller snowpacks less resistant to warmth
m Fall flows change reservoir storage plans

= \Winter rains cause flooding & damage

m Earlier spring flows challenge water users
m Earlier Summer low flow woes

m High summer temps increase plant demand



Montana March 1908 - 2008 Trend =
0.41 degF / Decade — 4.1 degFE

ibove Average lemperature
Below Average Temperature
Average Temperature
Trend

e -1I- I .l II

qrees Fahrenheit

| | | | | I | | |
1810 1820 18320 1840 1850 1860 1870 1880 1990 2000




\Water Year 2007
Preview. of the Future?

m La Nina arrives

m Rains, not snow continue into: November
m Damage occurs from Fall flooding

m Snowpack water content only about 75%

m Early Spring protracted warmth takes 30%
off snow water content of snowpack

m \Water use season starts with 40 percent of
average snow water runoft.



2007 (cont.)

m Generous spring rainfall did not compensate
for traditional spring / summer snowmelt.

m Excess Fall & Spring precip stored

m Record heat arrives early in July.

m Streamflow plummets.

m Water temps climb.

m Fishing restrictions imposed — 30+ streams!
m Winter crops fare well; Spring crops do not.



_a Nina Arrives — Fall 2007

EQ. Upper—0cean Heat Anoma. (deq C) for 180-100W
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Rain, not snow: into Fall
Many: Glacier — Nov. 7, 2006
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[Damage eccurs firom Eall flooding

Golng to the Sun: Highway
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SpPring snowpack Woes

Warm spell #1 — Lost 25% SWE

SNOTEL DATA AS OF May 14, 2007

This Week This Year
This Year versus Last Year as % of
Date Basin % of ave. LastWeek % of ave. Last Year
51412007 Kootenai 69% =-15% 104% 66%
Flathead 75% -8% 99% 76%
Upper Clark Fork 59% -20% 87% 68%
Bitterroot 4 7% -14% 91% 52%
Lower Clark Fork 45% =-19% 91% 49%,
Jefferson 44%, -19% 80% 55%
Madison 39% -23% 97% 40%
Gallatin 36% -25% 83% 43%
Missouri Headwaters 39% -22% 86% 45%
Headwaters Mainstem 30% =27% 74% 41%
Smith,Judith,Musselshell 33% =31% 83% 409%
Sun,Teton,Marias 4 6% =14% 7F5% 61%
Missouri Mainstem 38% -22% 76% 50%
St. Mary 81% -3% 98% 82%
Upper Yellowstone 41% -18% 75% 55%
Lower Yellowstone 51% -25% 49%, 104%

State-wide 48% =19% 84% 57%



Warm spell #2 — Lost 20% SWE

SNOTEL DATA AS OF May 21, 2007

This Week This Year
This Year versus Last Year as % of

Date Basin % of ave. LastWeek 9% of ave. Last Year
5/21/2007 Kootenai 59% -10% a0% 66%
Flathead 70% -5% 87% 80%
Upper Clark Fork 42% -17% 64% 66%
Bitterroot 23% -24% &%, 30%
Lower Clark Fork 30% =-15% 67% 45%
Jefferson 27% -17% 61% 44%
Madison 17% -22% 78% 22%
Gallatin 21% -15% 65% 32%
Missouri Headwaters 23% =-16% 67% 34%
Headwaters Mainstem 10% =20% 50°% 209%
Smith,Judith,Musselshell 12% =21% 59% 20%
Sun,Teton,Maras 30% =-16% 49% 61%
Missouri Mainstem 20% -18% 52% 38%
St. Mary 76% -4%, a3% 82%
Upper Yellowstone 27% -14% 58% a47%
Lower Yellowstone 29% -22% 30°% 97%

State-wide 32% -16% 65% 49%



Would the rains save us?

Montana Drought Status by County - June, 2007

Map Key

M Continental Divide

Drought Status

June 2007
Mo Drought - Moist
Mo Drought
Slightty Dry

Moderately Dry  (Dronght Alert)
| Severely Dry

- Extremely Dry

Dirought Impact Types - A& = Agncultural - Soil Moisture, Range conditions
H = Hydrolegical - Water Supplies, Strenmilow, Groundwater

j (Severe Drought)

Drought Alert - Governor's Drought

Advisery Commities strongly encourages local
officials to comvene local drought commttess
Severe Drought - Local officials

ahould have local drought planning effons underway
of should reconvene the kocal drought cormmittes

at the earliest oppriunily

For recommended responses, see the Montana Drought Plan

"HEE’:_\ s i
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Montana County Drought Status

Wiontma comtinues 10 recmier [fom meleorological and sgriculmernl mpeots of drought with goneroms
precipitation over mush of the steto improving sodil me@twmn, awd crop and mnge conditions
Hydrolegizal mpects of the drought vory however, wilth reservoirs st sverage gentents for tho meost
et bl stk sty

el o eseppectizd 1o b sl b Bo very lise Tevels by July For a number of rivens

throsgh summer duie f e Termation smd sy mel of the mesmtam smowgack

The Governor's Dronghd Advisory Commitio: sssesses walor supply snd modsture condilicons on a
seodihly basis bo deiemiine drouphi states for sach cour
P v o proincbe aweraices of dicuaht snd bo alem Moniafins 1o wepeadin g drosaht condation so
they may rexpomd appropmalely
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Dozl Aberts Oovernor's Dirosghil Adveory Commiftes strongly encournpes witarshed prosps and
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Severe Drsughi: Losal offcials shiuld have sal drought plamning undersay ar shouk] convens lal
drought planning at the earlisst opporunit

For information aboul hove the drosght stotus mops are determined or wo loaom meore sbout
secommended responses 1o drought see die Moalena Deought Besponse Plan.
dhitp e sl mi e droaigrhl commm e Dirou ght PO T, 07




Miay was Very gooed to Montana

National Weather Service - Great Falls, MT

Montana Precipitation for the Month

May 20007 ' recipitation
Period ofF Hermil: 1371-2000

490 60 83 119 130 200

NOTE: Data used to generale this image are
PROVISIONAL AND SUBJECT TO CHANGE. http:/'www.wrh.noaa.gov/Greatfalls




JUne moisture Was; spotty

National Weather Service - Great Falls, MT

Montana Precipitation for the Month
y 1 . 4

june ercent of MNermal Precipitation
Period of Hermil: 195T1-2000

20 90 &0 83 113 130 200
= e e T T i s E—— |
NOTE: Data used to generale this image are
PROVISIONAL AND SUBJECT TO CHANGE. hitp:/‘www.wrh.noaa.gov/Greatfalls




July ' was not & dry!

National Weather Service - Great Falls, MT

Montana Precipitation for the Month

L
Mormal Precipitation
Period of Hermal: 1971-2000

20 40 60 83 115 1950 200

NOTE: Data used to genevalte this image are
PROVISIONAL AND SUBJECT TO CHANGE. http:/‘www.wrh.noaa.gov/Greatfalls




Number of Days

Missoula — The Garden City

100 F Days in Missoula by Decade
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August — Dry again!

National Weather Service - Great Falls, MT

Montana Precipitation for the Month

= LY r L
Hugsust / Fercent =} armal recipiLtation
Period of Hermsal: 19T71=-2000

20 40 60 83 119 150 200

NOTE: Data used to generale this image are
PROVISIONAL AND SUBJECT TO CHANGE. http:www.wrh.noaa.gov/Greatfalls




New Missoula Records - 2007

m Hottest Temperature Ever — 107degrees

m \Warmest Night Ever — 71degrees F

m Average Tlemp— 78.1 — 11.2 F above average
= Most number of days at or over 100 F - 11
m Old record — 6 days in 1936

m Record number of 95 F and above days — 24
m Old record — 20'In 1960 & 2003

m Average Is 4 days over 95 F

m Record number of days over 90 F- 53

m Record was 41days in 1940

m Average Is 18 days over 90 F

m Most number of nights 60F and above — 19



Earlier Summer low: flow Woes

= USGS

USGS 06191500 Yellowstone River at Corwin Springs MT
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Jefferson River — August low flows
& Warm Water temperatures




Big Hole — Grayling| & trout concern
= USGS

USGS 06024450 Big Hole River bl Big Lake Cr at Wisdom MT
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EWPE Angling restrictions

Fishing Restrictions and Closures
as of August 2, 2007*

8 _
a ‘-_A e - . e‘-’
Region 4 o Region 6

Region 7
ﬁ148 T : : S P Rivr \
:RegionZ__ - Region 5
: i .

118

Region 3
=

h Mo NAME Mo MAME Mo MAME Mo MAME
| i I 118 Big Hole River 127 Gallatin River 135 Shislds River 143 South Fork Flathead River
118 Jefiersen River 128 Blackfoot River 138 East Gallatin Rihver 144 Rattlesnaks Cresk
1) 120 Thompson River 122 Gold Cresk 137 Marrell Creek 145 Little Blackfoot River
— lMandatory Closure - 2 PM to Midnight 122 Smith River 120 Belmont Creek 138 Landers Fark 148 Fish Creek
123 Sun River 131 Cottomwood Creek 138 Yellowstone River 147 Clark Fork River
= Mandatory Closure - [24 hour] 124 Clark Fork River 132 Copper Cresk 140 Boulder River 148 Rock Creck
Streams 125 Bittemoot Fiver 132 Moenture Creek 141 Stillwater Fiver
128 Madison River 124 Morth Fork Blackfoot B, 142 Missour River
FWF Region

*Map is updated as new closures are posted.

o 1020 40 60 BD —
Refer to http/fwp.mi.gowfishing/guidefwaterclosure. aspx for a current list of all aclive closures. I ﬁ’i......u:':n
Rev.12




Big Business for Montana




Fire suppression 2007 - $50\V]
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September spelled relief!

National Weather Service - Great Falls, MT

Montana Precipitation for the Month

September 2007 , : Fecipitatlion
Period ofF Heraal: 197T1-2000

20 90 G0 83 115 150 200

NOTE: Data used to genevale this image are
PROVISIONAL AND SUBJECT TO CHANGE. hitp:rwww.wrh.noaa.gov/Greaifalls




T'he record heat was teo much.

Montana Drought Status by County - September, 2007

Map Key
MY Continental Divide
# . Drought Impact Type

Drought Status
September 2007

Mo Drought - Moist
Mo Drought
Slightly Diry
Mederataly Dry  (Drought Alert)
Savaraly Dry
Extramely Dry
Drought Impact Types - A = Agriculiural - Soil Moisture, Range conditions
H = Hydrolegical - Water Supplics, Streamiflosw, Groundwater
Drowght Abert - Governor's Drought
Advisory Committee strongly encourages local
officials to convene local drowght committees,
Severe Drought - Local officials
should have local drought planning cfforts undervay
of should reconvens the local drought committees
af the enrliest opportunity
For recommended responses, soe the Momana Drought Plan.

j (Severe Drought)

hbtpefidr e ghimi. gosy’

Montana County Drought Status

Recovery from meteorsogical snd agricsliural drought during spring and early summer on hoth sides
of the Cortinemial has regressed as record kigh temperstures and below avernge precipitation causes
w0l maksiure, crop, and range comditlons o deterrme. Hydrologicnl sspects of the drought contine:
W warrsen s reservoin arg drafled hawily and strcamflow appeoaches veey low levehs for a ramber of
rivers across 1he stase Jee 1o Eile foemation and carfly moll of the ssourtsin snowpeck,

I'he Giovemors Drvought Advisery Comminee assesses water sapply md mwoisture condities on &
mionithly busis wo dewermine drought stwmus for gach coungy of the st Tk drought stalus s is sl
pramasi b % proee awaretes of droughl s to alkert Montanans g impending drought sondilionm s
they ey respond appropriatels.

Drought Abert: Governor's Dreugha Advisory Commisice strongly encowmges walershed growps and
couiery deought commatioss b ¢onvens and undenake planning for dnosg i

Severe Droughts Local offscils shosld have local deought planning endore i or sSould comvene kal
drossght plenming at the carlicst opportunity.

For infomsarion about Bow the drought siolus maps sse desermined of w0 learn more oo
meceemmended responnas B Snou ghit 2o the Mongina Dyought
(Bt s s ate il usdroupght cormmiBes Tireeegba POT gl




Yellowstone River — 2007-2008

USGS 861915688 Yellowstone River at Corwin Springs HT
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Response — Trrust Climate Forecasts

A POLICY FORUM:
IMPROVING RESPONSES TO
CLIMATE PREDICTIONS

developed by the

ATMOSPHERIC POLICY PROGRAM
AMERICAN METEOROLOGICAL SOCIETY

in collaboration with

Columbia University

Study Series Underwriters

\)(\/ ITT Industries Raytheon
S Engineered for life

Study Donor

Space Syvstems Loral

Washington, D.C.
April 23-24, 2003




Responses to Increased \arability

B Risk management — water supply & climate
m \\ater conservation — lrrigation scheduling
m \\ater right adjudication / enforcement

m Emphasis on demand reduction

m Consider supply side solutions

m Education & Outreach

m NIDIS — Reconstruction of scenarios with
guidance for affected sectors

m Greenhouse gas emission reduction



Responses (cont.)

m Forestry — Fuel reduction / snow: harvest
m \Weather Modification — Monitor progress
m \Water banking / GW Storage

m Agriculture — Drought resistant crops; no
till farming; snow: harvest; new crops

m Storage — Capacity increase during rehabs
m [rans-boundary water right issues

m Irrigation conveyance efficiencies

m Domestic exemptions / conservation



Big Hole River control structure




Ig Hole — New: gauge fior drought
plan implementation - 2008




LLiverty County — May: 2, 2002




Blackfoot River — August 2007




Smith River — August 2001
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